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REATTACHMENT OF TISSUE TO BASE
TISSUE

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a divisional of U.S. patent application
Ser. No. 10/3035,998, filed Nov. 27, 2002, now U.S. Pat. No.
7,867,251, which 1s a continuation-in-part application of and
claims priority from U.S. application Ser. No. 09/986,376,
filed on Nov. 8, 2001, now U.S. Pat. No. 6,656,183, both of

which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

This 1nvention relates to reattachment of tissue to base
tissue.

BACKGROUND

Fibrous tissues, such as ligaments and tendons, can detach
from bone. The detachment can be repaired using sutures. Itis
known to fix a fibrous tissue to bone by inserting a suture
anchor into the bone and knotting suture attached to the
anchor to tie down the fibrous tissue to the bone. Tying suture
knots 1n minimally mvasive surgical procedures commonly
requires a skilled surgeon and/or specialized equipment.

SUMMARY

According to one aspect there 1s a flexible member anchor.
The anchor includes a flexible member and a body. The flex-
ible member has a loop. The body has a channel, through
which the flexible member 1s disposed, and an anchoring
mechanism. The channel includes a unidirectional mecha-
nism configured to allow movement of the flexible member
through the channel 1n a first direction and to restrict move-
ment of the flexible member through the channel 1n a second
direction. The anchoring mechanism 1s configured to anchor
the body 1n base tissue.

The anchor can include other additional features. In one
example, the anchoring mechanism can include ridges dis-
posed on an outer surface of the body. The anchoring mecha-
nism can include rnidges disposed peripherally body. The
anchoring mechanism can also include rndges comprising an
edge angled towards an end of the body.

In another example, the channel can include an entrance
port and an exit port disposed 1n an end of the body. The
anchor can include a conical shaped feature disposed at
another end ofthe body located opposite the end including the
entrance port and the exit port. The flexible member can be a
suture. The loop of the flexible member can be a preformed
loop.

In another example, the umidirectional mechanism
includes a constricting mechanism to constrict the flexible
member when traveling 1n the second direction. The unidi-
rectional mechanism can also include a portion of the channel
including a transverse cross section having a tapered diameter
and rnidges disposed adjacent the portion of the channel,
where the rnidges are configured to direct the flexible member
towards a widest portion of the tapered diameter of the por-
tion of the channel when the flexible member travels in the
first direction and towards a narrowest portion of the tapered
diameter of the portion of the channel when the flexible
member travels 1n the second direction. The portion of the
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channel can be linear. The ridges can be disposed parallel to
cach other. The first direction can be opposite the second
direction.

In another example, an end of the anchor body 1s conical 1n
shape. The anchor can also 1nclude an msertion feature con-
figured to accept a tool that enables an operator to apply force
to the tlexible member anchor to insert the flexible member
anchor 1nto base tissue. The 1nsertion feature can be a bore. In
another example, the body comprises a substantially rigid
material. This can be a biocompatible metal and/or a biocom-
patible polymer.

The flexible member anchor of claim 17 wherein the base
tissue comprises bone.

According to another aspect, there 1s an anchor that
includes a body having an axial member with a distal end and
a proximal end. The axial member has a channel, through
which a flexible member passes. The channel includes a linear
channel portion and a first plurality of ndges. The linear
channel portion includes a tapered transverse cross section
having a wide portion and a narrow portion. The first plurality
of ridges form a portion of the linear channel portion and are
oriented 1) from the wide portion to the narrow portion and 11)
not parallel to the tapered transverse cross section. The anchor
also 1ncludes a second plurality of ridges disposed peripher-
ally on the axial member.

The anchor can include other additional features. In one
example, the distal end of the axial member includes a conical
shaped element. The second plurality of ridges can include
ridges having an angled surface, where the angled surface
extends from the distal end towards the proximal end. The
channel can include an entrance port and an exit port disposed
at the proximal end of the axial member. The anchor can also
include an 1nsertion feature defining a cavity disposed at the
proximal end of the axial member.

In another example, the anchor includes a flexible member
disposed through the channel. The flexible member can be a
suture. The tlexible member can include a loop. The loop can
be a preformed loop. In another example, the anchor includes
a substantially rigid material. The rigid material can be a
biocompatible metal and/or a biocompatible polymer. In
another example, the first plurality of ridges 1s substantially
parallel to each other.

According to another aspect, there 1s a surgical method.
The surgical method includes attaching a flexible member to
candidate tissue using a loop and 1nserting the flexible mem-
ber 1nto a tlexible member anchor. The method also includes
attaching the flexible member anchor to base tissue, pulling
the tlexible member through the flexible member anchor to
adjust spacing between the base tissue and the candidate
tissue, and maintaining the spacing using a unidirectional
mechanism of the flexible member anchor.

The surgical method can include additional features. In one
example, the mserting 1s performed subsequent to attaching
the tflexible member anchor to base tissue. Attaching the flex-
ible member to the candidate tissue can also include generat-
ing a hole 1n the candidate tissue, passing a portion of the
flexible member through the hole to position the loop on one
side of the hole and a second end of the tlexible member on an
opposite end of the hole, and passing the second end of the
flexible member through the loop. Passing the second end of
the flexible member through the loop can be performed exter-
nal to a patient’s body.

In another example, passing a portion of the flexible mem-
ber through the hole and passing the second end of the tlexible
member through the loop can be performed subsequent to
inserting the flexible member into the flexible member
anchor. Passing the second end of the flexible member
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through the loop can also include passing the second end of
the flexible member including the flexible member anchor
through the loop. Generating a hole can also 1include punc-
turing the candidate tissue using the tlexible member anchor.

In another example, the surgical method can include form- >
ing a loop at an end of the flexible member. The flexible
member can be a suture. The flexible member can include a
preformed loop. The base tissue can include bone.

The details of one or more embodiments of the invention
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

10

DESCRIPTION OF DRAWINGS b

FIG. 1 1s a diagrammatic illustration of a system for reat-
taching fibrous tissue to bone;
FIG. 2A 1s a perspective view of a bone anchor;

FIGS. 2B and 2C are side views of the bone anchor of FIG.
2A;

FIG. 2D 1s a cross-sectional view of the bone anchor of
FIG. 2A taken along lines 2D-2D of FIGS. 2B and 2C;

FIGS. 2E and 2F are respectively top and bottom views of 25
the bone anchor of FIG. 2A;

FIG. 3 A 1s aperspective view of an alternative embodiment
of a bone anchor;

FIGS. 3B and 3C are side views of the bone anchor of FIG.
3A;

FIG. 3D 1s a cross-sectional view of the bone anchor of
FIG. 3A taken along lines 3D-3D of FIGS. 3B and 3C;

FIGS. 3E and 3F are respectively top and bottom views of
the of the bone anchor of FIG. 3A;

FI1G. 3G 1s another perspective view of the bone anchor of 35
FIG. 3A;

FIG. 4A 1s a perspective view ol another alternative
embodiment of a bone anchor:

FIG. 4B 1s a side view of the bone anchor of FIG. 4A;

FIG. 4C 1s across-sectional side view of the bone anchor of 40
FIG. 4A taken along lines 4C-4C of FIG. 4B;

FIG. 4D 1s another side view of the bone anchor of FIG. 4 A;

FIG. 4E 1s a cross-sectional side view of the bone anchor of
FIG. 4A taken along lines 4E-4E of FIG. 4D;

FIG. 4F 1s another side view of the bone anchor of FIG. 4A; 45

FIG. 4G 1s a cross-sectional side view of the bone anchor of
FIG. 4A taken along lines 4G-4G of FIG. 4F;

FIG. 5 15 a cross-sectional side view of the bone anchor of
FIG. 4A shown with a suture coupled thereto;

FIG. 6 illustrates the bone anchor of FIG. 4A 1n use;

FIG. 7A 1s a perspective view of another alternative
embodiment of an anchor;

FIG. 7B 1s a side view of the anchor of FIG. 7TA:

FIG. 8A 1s another side view of the anchor of FIG. 7A;

FIG. 8B 1s a cross-sectional view of the anchor of FIG. 7TA 55
taken along lines 8B-8B of FIG. 8A;

FIG. 8C 1s a perspective view of the anchor of FIG. 7A;

FIG. 8D 1s a cross-sectional view of the anchor of FIG. 7A
taken along lines 8D-8D of FIG. 8C;

FI1G. 9A 1s a perspective view of a portion of the channel of 60
the anchor;

FI1G. 9B 1s a cross-sectional front view of the portion of the
channel of FIG. 9A taken along lines 9B-9B of FIG. 9A;

FIG. 9C 1llustrates the cross-section view of FIG. 9B 1n an

alternate state:
FIGS. 10A and 10B 1illustrate views 8A and 8B, respec-
tively, with flexible members;
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FIG. 11 illustrates attachment of a flexible member to
candidate tissue; and
FIG. 12 i1llustrates an anchor 1n use.

DETAILED DESCRIPTION

Referring to FIG. 1, a tissue repair system 8 for attaching
soit tissue 22, e¢.g., tendon, ligament, or cartilage, to bone 20
includes a flexible member, e.g., suture 10, coupled to first
and second bone anchors 16, 18. Suture 10 1includes contigu-
ous suture portions 10a, 105, and 10c¢. In use, bone anchors
16, 18 are located within holes 11, 13 in bone 20, with first
suture portion 10a extending from bone anchor 16 through a
hole 30 1n tissue 22 to a first suture end 6, second suture
portion 105 spanning between bone anchors 16, 18 and lying
along an outer surface 23 of tissue 22, and third suture portion
10c¢ extending from bone anchor 18 through a hole 32 in tissue
22 to a second suture end 7.

Bone anchors 16, 18 cach include a first engagement sys-
tem 17 through which suture 10 1s threaded. After implanta-
tion 1n bone 20, the physician pulls on one or both of the ends
6, 7 of suture 10 to shorten the length of suture portion 105,
thus securing tissue 22 against bone 20. Engagement systems
17, discussed further below, couple suture 10 to bone anchors
16, 18, and limit possible loosening of tissue repair system 8
following tissue securement.

Referring to FIG. 2A, bone anchors 16, 18 each have a flat,
distal tip 15 and a pair of legs 31, 33 extending proximally
from tip 15 to a proximal end 26. Legs 31, 33 are generally
part-circular in shape (FIG. 2E) with a region of increased
outer diameter defined by a series of radial ridges (here three
ridges 19a, 195, 19¢ shown) that engage bone tissue to resist
the withdrawal of the anchor from the bone hole. Each ridge
19a, 195, 19¢ has a sloped distal face 2, a proximal face 3 that
1s substantially normal to the long axis, X, of bone anchors 16,
18, and a bone engaging edge 4 (FIG. 2B) defined at the
intersection of faces 2 and 3.

Engagement system 17 includes a pair of restrictor cleats
40, 50 at the proximal end 26 of legs 31, 33. Legs 31, 33 have
inner walls 31a, 33a (FIG. 2B), respectively, that define a slot
opening 33 therebetween extending from proximal end 26 to
a distal chamber 60. Located within chamber 60 1s a winding
post 62. The open sides of slot opening 35 provide easy access
to winding post 62 to aid in threading suture 10 around post
62, though the sides need not be open. Cleats 40, 50 act to
selectively restrict passage of suture 10 through opening 35,
as described further below.

As shown 1n FIG. 2D, winding post 62 extends into cham-
ber 60 from a wall 61 at aback side 165 of anchor 16. Winding
post 62 and wall 61 are tapered inwardly toward distal tip 15
to provide a smooth, tapered distal portion. Chamber 60 cir-
cumscribes winding post 62, and 1s open at a front side 16a of
the bone anchor to aid in threading suture 10 through anchor
16. Suture 10 1s threaded through anchor 16 such that the
suture passes through cleat 50 and opening 35, into mterior
chamber 60 and around winding post 62, then through open-
ing 35 and cleat 40. Winding post 62 contacts and retains
suture 10 within interior chamber 60, and 1s of sufficient
mechanical strength to withstand tension applied to suture 10.

Referring to FIGS. 2B and 2C, cleat 40 1s formed by an
opposing pair ol protrusions 40a having proximal faces 42,
44 that define a narrower portion 33a of channel 33 therebe-
tween, and distal faces 46, 48 that define a wider, sloped
portion 356 of channel 35 therebetween. Cleat 50 1s oriented
opposite of cleat 40 with an opposing pair of protrusions 50q
having distal faces 52, 54 that define a narrower portion 35c of
channel 335 therebetween, and proximal faces 56, 58 that
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define a wider, sloped portion 354 of channel 335 therebe-
tween. Proximal faces 42, 44 have opposing edges 43, 45
(defined by the proximal corners of faces 42, 44), and distal
faces 52, 54 have opposing edges 33, 55 (defined by the distal
corners of faces 52, 54). Fach opposing pair of edges 43, 45
and 53, 55 1s separated by a separation distance that 1s sub-
stantially equal to or smaller than the diameter of suture 10.

Movement of suture 10 through sloped portions 3556, 354
of cleats 40, 50 acts to compress the suture such that the suture
can pass through narrower portions 35a, 35¢, respectively,
when pulled in the direction of arrow 70 (FIG. 1). However,
loosening of suture 10 (passage of suture 10 through the cleats
in a direction opposite arrow 70) 1s limited by opposing edges
43, 45 and 33, 55 catching on uncompressed suture 10 such
that the suture does not pass through the cleats. In effect,
cleats 40, 50 form a one-way passage.

Referring again to FIG. 1, suture 10 1s threaded through
anchors 16 and 18 such that from suture end 6, suture portion
10a passes through cleat 40 in anchor 16 to post 62, suture
portion 105 extends from post 62 through cleat 50 in anchor
16, then through cleat 50 1n anchor 18, to post 62, and suture
portion 10c¢ extends from post 62 through cleat 40 in anchor
18 to suture end 7. This permits the suture to pass through the
cleats (with the sloped portions of the cleats compressing the
suture such that the suture can pass through the narrow por-
tions of the cleats) when ends 6, 7 are pulled 1n the directions
of arrows 70, 72, respectively, to shorten suture length 105,
but resists passage through the cleats (by the opposing edges
ol the cleats catching on uncompressed suture) when a load
tending to lengthen suture length 105 1s placed on the suture.

In use, the operator implants first and second bone anchors
16,18 into, e.g., a predrilled hole in bone 20 through tissue 22
(and an overlaying cartilage layer, 1f present) by, e.g., apply-
ing a compressive or torsional load to members 16, 18 as
appropriate. The operator then draws one or both ends 6, 7 of
suture portions 10a, 10c¢ 1n the direction of arrows 70, 72 to
shorten the length of suture portion 105 between first and
second bone anchors 16, 18. Suture portion 105 draws tissue
22 toward bone 20. The anchors can be supplied to the opera-
tor with suture 10 prethreaded to through anchors 16, 18, or
the operator can thread suture 10 through the anchors.

When suture portion 105 1s suificiently taut, the operator
releases and/or cuts the free ends of the suture extending from
the soft tissue. Although, during healing, a patient may apply
forces that tend to draw tissue 22 away from bone 20, engage-
ment systems 17 resist the lengthening of suture portion 105.
In particular, cleats 40, 50 restrict passage of the suture por-
tion 10¢ 1 the direction opposite to arrow 72 and suture
portion 10q 1n the direction opposite to arrow 70. Moreover,
cleats 40, 50 engage and restrict the passage of suture 10 at a
substantially arbitrary position along the length of suture 10.
In other words, there 1s no need, e.g., to clamp suture 10 with
another member, or have an enlarged portion such as a knot 1n
suture 10 to restrict the passage of suture 10 through the
cleats. Cleats 40, 50 thus selectively restricts movement of
suture 10 by allowing the passage of suture 10 through the
cleats 1n a first direction while subsequent passage of suture
10 1n a second, opposite direction 1s restricted.

Other embodiments are within the scope of the following
claims. For example, referring to FIGS. 3A-3F, particularly to
FIGS. 3A and 3D, rather than a post 62 extending from a side
wall, an alternate bone anchor 67 includes a central member
120 with side posts 112a, 11256 located 1n chamber 60. Side
posts 112a, 1125 taper inwardly to provide a smooth, tapered
distal portion. The outer dimension of side posts 112a, 1125
1s less than the diameter of chamber 60 such that channels
110a, 11054, respectively, are formed about side posts 1124,
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11256, while the outer diameter of central member 120 1s equal
to the diameter of chamber 60. Posts 112a, 1125 and central
member 120 defines a transverse passage 87 (FIG. 3G) for
passage ol suture from channel 110a to 11056. Side posts
112a, 1125 have a half-moon shape such that a circular suture
passage 87 1s formed. Other side posts shapes are possible.
Suture 10 passes through cleat 40 to channel 33, to channel

110a and around post 112a to passage 87, through passage 87,
to channel 11056 around post 1125 to channel 35, and through

cleat 50.

Referring to FI1G. 4A, a bone anchor 200 includes a central
member 230, a distal tip 215, and a series of proximally
extending, radial wings 219a, 2195, 219¢, 2194 surrounding
central member 230. Central member 230 includes a restric-
tor 1n the form of a suture guiding through channel 235 that
selectively restricts passage of suture therethrough, as
described below. Distal tip 215 1s conical 1n shape and has a
tissue penetrating point 215q. Radial wings 219a, 2195, 219c¢,
2194 are joined at a distal end 221 of the wings to a proximal
end 216 of distal tip 215, and resiliently tlare outwardly from
central member 230 1n a proximal direction. Fach wing has a
sharp proximal edge 2194', 2195', 219¢', 2194" for digging
into bone tissue to resist withdrawal of anchor 200 from the
bone. Wings 219a, 2195, 219¢, 2194 are inwardly deformable
toward central member 230 in response to radial compres-
s10m, such as during insertion into a generally circular open-
ing or hole in bone formed, e.g., by insertion of distal tip 215
into the bone. Central member 230 defines a proximal open-
ing 240 for receiving a drive tool, not shown, for pounding
anchor 200 1nto bone.

Referring to F1IGS. 4B-4G, suture guiding channel 235 has
a generally triangular cross-section with a proximal apex 225,
a distal baseface 227, and a pair of side faces 228a, 2285b. Side
faces 228a, 2285 converge proximally forming a distal por-
tion 237 of channel 235 that 1s wider than the diameter of the
suture, such that the suture can pass freely therethrough, and
a proximal restricting portion 239 of channel 235 that is
narrower than the suture diameter to restrict passage of the
suture therethrough. Referring particularly to FIGS. 4C and
4E, base face 227 follows an arcuate path through central
member 230, as does apex 225 at the intersection of side faces
228a, 228b. As 1llustrated, the radius of curvature of the path
of apex 225 though central member 230 1s approximately
equal to one half the diameter of central member 230. The
curvature of apex 225 presents an atraumatic surface for the
suture to rest against when pulled taught, as discussed below.

Side faces 228a, 2285 are each lined by a series of grooves
250a, 2505, 250¢, 2504. Though four grooves are shown, one
or more grooves can be employed. As illustrated, grooves
250a,250b,250c¢, 2504 are relatively uniformly orniented with
respectto baseface 237 and apex 2235 of channel 235 such that
the grooves have the same oblique angle relative to a suture
passing through channel 235, as shown in FIG. 5. Each
groove 250a-2504 has a first edge 253a-2534, respectively,
and a second edge 254a-254d, respectively, oriented gener-
ally parallel to the respective first edge and obliquely relative
to the passage of suture 10 through channel 235.

Edges 253a-253d and 254a-254d, along with the shape of
channel 235, act to permit suture to be pulled 1n a first direc-
tion while limiting movement of the suture in a second oppo-
site direction. Referring to FIGS. 4C and 5A, when suture 10
1s pulled 1n the direction of arrow 11, contact of suture 10 with
edges 253a-2353d pushes suture 10 1n a direction non-parallel
to the direction of travel of suture 10 through channel 235.
The action of edges 253a-253d upon suture 10 moves suture
10 toward base face 227 into distal channel portion 237,
allowing suture 10 to pass through channel 235. When suture
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10 1s pulled 1n the direction of arrow 12, contact of suture 10
with edges 254a-254d pushes suture 10 1n a direction non-
parallel to the direction of travel of suture 10 through channel
235. The action of edges 254a-254d upon suture 10 moves
suture 10 toward apex 225 into proximal restricting portion
239, which acts to compress suture 10 and restrict passage of
suture 10 through channel 235.

Referring to FIG. 6, one or more anchors 200 with suture
10 prethreaded through channel 235 can be deployed through

tissue 300 into bone 302. During deployment, wings 219a-
2194 are imitially compressed as they pass through corticol
bone, and then expand into the cancellous bone to retain
anchors 200 in the bone. By moving suture 10 1n the direction
of arrow 11, the length of suture between two anchors 200 can
be shortened, pulling suture 10 taught, while any tendency of
the suture to loosen 1s limited by movement of suture 10 1nto
proximal restricting portion 239 of channel 233 1n response to
tension applied to suture 10 1n the direction of arrow 12.
Suture guiding channel 235 and edges 253a-2534d and 254a-
2544 1n anchor 200 thus selectively restricts movement of
suture 10 by allowing the passage of suture 10 through por-
tion 237 of channel 235 1n a first direction, while restricting
subsequent passage of suture 10 1n a second, opposite direc-
tion by engaging suture 10 1n apex 225 at a substantially
arbitrary position along the length of the suture 10, without
the need for an enlarged portion such as a knot 1n the suture.

FIGS. 7A-B illustrate two views of an anchor 401, which 1s
configured slightly differently from the example anchors
above. In general overview, anchor 401 1s generally cylindri-
cal in shape with a conical point 413 at 1ts tip to penetrate mnto
tissue. To help hold anchor 401 in place when inserted into
base tissue, such as bone, anchor 401 includes ridges 403.
Ridges 403 are configured such that when anchor 401 1is
inserted 1nto the base tissue, anchor 401 easily advances 1n a
direction toward 1ts pointed tip 413 and resists withdrawal
from a bone hole 1n an opposite direction. To insert anchor
401 1nto the base tissue, a doctor, or other medical personnel
performing a procedure, can insert an insertion device into
teature 432 and use the insertion device to push anchor 401
into the base tissue. The doctor uses anchor 401 to hold
candidate tissue (e.g., tendon, ligament, cartilage and/or the
like) adjacent the base tissue into which anchor 401 1is
inserted. To hold the candidate tissue 1n place, the doctor

attaches a flexible member, such as suture, to the candidate
tissue and also attaches the suture to anchor 401. Once the
doctor 1nserts anchor 401 into place in the bone, the doctor
tightens the suture, bringing the candidate tissue down to the
surface of the bone with the desired tension to complete the
repait.

Anchor 401 1s configured with a channel 421 to receive the
suture. As 1llustrated, channel 421 has channel portions 421a
and 421b. A suture passes through opening 425, through
channel portion 421a and through channel portion 4215. The
suture continues through another channel portion (not shown,
but identified as 421¢ 1n FIG. 8A) and through opening 423.
The other channel portion 421¢ not shown 1n FIGS. 7A and
7B 1s open (1.e., not totally enclosed), similar to portion 421a,
and runs substantially parallel to portion 421a.

One difference between portions 421a and 421c¢ 1s that
channel portion 421a includes a umidirectional mechanism
that restricts the direction that the suture can travel through
channel 421. As described in more detail below, channel
portion 421a includes ridges 434 that selectively restrict pas-
sage of a suture through channel 421 so that the suture can
travel freely when moving 1n a direction mto opening 423,
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through channel 421 and out of opening 423, but is restricted
and eventually prevented from moving in an opposite direc-
tion.

FIGS. 8A-D illustrate anchor 401 1n more detail. Referring,
to F1G. 8A, anchor 401 includes a proximal end 404, a distal
end 405, a central axis 409, and an outer, peripheral portion
411. Conical point 413 1s located at the distal end 405 of
anchor 401. As described above, point 413 allows for pen-
etration 1nto soft tissue and/or bone. Other penetration points,
like those described above, can also be used. Also as
described above, ridges 403 are configured so that when
anchor 401 1s 1nserted into base tissue, anchor 401 more
casily advances 1n a direction toward its distal end 405 and
resists withdrawal from a bone hole 1n a direction toward its
proximal end 404. To provide this feature, anchor ridges 403
have surfaces 415 that taper toward central axis 409 from
distal end 405 toward proximal end 404. In one example
anchoring mechanism, the diameter of anchor 401, including
ridges 403, 1s 3.5 mm. Also described above, to receive the
suture, anchor 401 includes channel 421 through which the
suture passes. At the end of channel portion 4214, closest to
distal end 405, there 1s a curved channel portion 4215 1n
anchor 401 that extends generally transversely through cen-
tral axis 409.

FI1G. 8B 1llustrates a cross section of side view FIG. 8A,
looking up at the bottom of anchor 401. As illustrated, on the
other side of channel portion 4215, there 1s another channel
portion 421¢. Channel portions 421a and 421 ¢ extend along
the sides of anchor 401 from the openings of channel portion
4215 to proximal end 404. Where channel portions 4214 and
421c meet proximal end 404, there are openings 423 and 425
of the channel portions 421a and 4215, respectively. Small
material bridges 427 and 430 define openings 423 and 425,
respectively, and complete the circumierential enclosure of
channel openings 423 and 425. Also at proximal end 404,
there 1s a feature 432 that 1s configured to receive a corre-
sponding feature on the distal end of an 1msertion instrument.

Channel portions 421a and 421¢ are generally linear and
parallel to central axis 409 of anchor 401. Channel portion
421c¢ 1s semicircular 1n transverse cross-section. Openings
423 and 425 are circular 1n transverse cross-section, as shown
in more detail in FI1G. 7D. Channel portion 421¢ and openings
423 and 425 are sized to allow free sliding passage of a suture.
Channel portion 421a, however, 1s configured slightly differ-
ent. As described above, channel portion 421a comprises a
umdirectional mechanism to selectively restrict passage of a
suture through channel 421. In the illustrated example, chan-
nel portion 421a includes ridges 434 that selectively restrict
passage of a suture, as described 1n more detail below.

Referring to FIG. 8C, channel 421a includes tapered or
flared opposing walls 440 and 442 which are more open at the
outer surface 411 of anchor 401 and become closer to each
other as they become closer to central axis 409. The character
of this flare 1n the channel walls 1s such that a suture of a given
diameter can pass freely when located in the outer, more open
portion of the channel (e.g., wide portion 460 of F1G. 9B), and
1s somewhat constricted when located in the inner, more
closed portion of the channel (e.g., narrow portion 462 of
FIG. 9C).

Ridges 434, or other such features, are located on opposing
sides 440 and 442 of channel portion 421a. Ridges 434 are
generally arranged at an angle (e.g., 446, FIG. 8B) to the
transverse plane of anchor 401 (1.e., with respect to central
axis 409). In other words, the ridges are not parallel the
transverse plane of the anchor 401. The angle that each ridge
434 makes with central axis 409 1s such that the portion of a
ridge 434 closest to central axis 409 1n channel portion 421a
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1s closer to distal end 403 than the portion of the ndge 434 that
1s closest to proximal end 404.

The heights of ridges 434 and their placement within chan-
nel portion 421a 1s such that a suture can slide freely when 1t
1s passing more closely to the outer surface 411 of anchor 401
and the suture 1s constricted from sliding when 1t 1s wedged
more closely to central axis 409 of anchor 401 within channel
portion 421a. Angle 446 1s also such that tension placed on
the suture which attempts to advance the suture in a distal
direction within channel portion 421a causes the suture to be
wedged between the nidges 434 more closely to the central
axis 409 of channel potion 421a. In some examples, because
a portion of channel portion 421a contaiming ridges 434 1s
linear, ridges 434 are substantially parallel to each other and
their dimensions are substantially identical (within manufac-
turing tolerances). In one example, angle 446 1s 1n the range of
thirty to sixty degrees.

FIGS. 9A-C further 1llustrate the operation of the unidirec-
tional mechanism as described above. Referring to FIG. 9A,
suture 450 travels 1n a direction 1indicated by arrow 452. As
suture 450 travels 1n the direction indicated by arrow 4352,
ridges 434 guide suture 450 1n a downward direction, 1ndi-
cated by arrow 454. Ridges 434 guide suture 450 downward
because of their angle 446. It suture 450 travels 1n a direction
that 1s opposite of the direction indicated by arrow 452, ridges
434 guide suture 450 1n a upward direction, opposite that
indicated by arrow 454. In other words, suture 450 follows the
ridges 434 1n an up and down direction (e.g., direction indi-
cated by arrow 454) based on the axial direction (e.g., direc-
tion indicated by arrow 4352) of suture 450.

Referring to FI1G. 9B, channel portion 421a tapers and has
a wide portion 460 and a narrow portion 462. The angle 447
of the taper, with respect to a vertical axis, 1s four to twenty
degrees. The size of wide portion 460 1s such that suture 450
can Ireely pass therethrough. The size of narrow portion 462
1s such that suture 450 cannot freely pass therethrough and 1s
constricted. In other words, narrow portion 462 restricts/pre-
vents motion of suture 450 when the suture 1s positioned in
narrow portion 462 of channel 421. In one example, the width
of narrow portion 462 1s 25% to 50% of the diameter of the
suture. Referring to FIG. 9C, as suture 450 travels 1n the
direction indicated by arrow 452, ridges 434 guide suture 450
in a downward direction, indicated by arrow 454, from wide
portion 460 to narrow portion 462. As shown, the size of
narrow portion 462 1s smaller than suture 450 and ridges 434
constrict suture 450, which prevents further motion 1n the
direction indicated by arrow 452. I suture 450 travels 1n a
direction that 1s opposite of the direction indicated by arrow
452, ridges 434 guide suture 450 1n a upward direction, oppo-
site that indicated by arrow 4354, back to wide portion 460 of
channel 460, where suture 450 can move freely. The configu-
ration of ridges 434 selectively restricts the motion of suture
450, allowing only free movement in a direction opposite that
indicated by arrow 452,

Referring to FIG. 10A, anchor 401" includes suture 450.
Suture 450 has ends 470 and 472. Suture 450 also includes a
loop 474, which 1s adjustable 1n diameter via a sliding attach-
ment 476, at end 472 of suture 450. Referring to FIG. 10B,
suture 450 15 preferentially pre-loaded into opening 423,
channel 421, and opening 425 of anchor 401'. As described
above, suture 450 moves freely when traveling in a direction
opposite that indicated by arrow 452. That 1s, when an doctor
pulls end 470 of suture 450, suture 450 travels freely, entering
through opening 423, traveling through channel portion 401c,
through channel portion 4215, through channel 421aq and
ridges 434, and exr[mg through opening 425. When a doctor
pulls end 472 (e.g., using loop 474), this causes suture 450 to
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travel 1n a direction indicated by arrow 452 and ridges 434
eventually restrict and prevent further motion in this direction
as described above.

FIG. 11 1illustrates an example technique ol attaching
suture 450 to candidate tissue 480. Anchor 401" used 1n com-

bination with suture 450 that has loop 474 enables the doctor
to attach candidate tissue (e.g., tendon, ligament, cartilage
and/or the like) to base tissue (e.g., bone and the like) without

the use of knots. The doctor drills a hole 482 in candidate

tissue 480. The doctor passes suture 4350 through hole 482.
The doctor passes end 470 of suture 450 through loop 474, as

indicated by arrow 486. It the doctor had previously passed
the suture 450 through anchor 401', then the doctor also
passes anchor 401" through loop 474. The length of suture 450
1s arbitrary. This enables the doctor to pass suture 450, and
anchor 401" 11 attached, through loop 474 outside of the
patient’s body.

Referring to FIG. 11, the doctor inserts anchor 401" into
base tissue 490. The doctor can insert anchor 401' using an
insertion istrument having features that mate with insertion
teature 432 of anchor 401'. Typically, the doctor drills a hole
in base tissue 490 and 1nserts anchor 401" into the drilled hole.
With anchor 401' inserted 1n base tissue 490 and candidate
tissue 480 attached to suture 450 as described above, the
doctor pulls suture 450, using end 470, 1n a direction indicated
by arrows 492. As shown, this direction 1s opposite of the
restricted direction indicated by arrow 4352. (The 1llustrated
directions are with respect to movement of suture through
channel 421). Because this direction (i.e., indicated by arrow
492) 1s the unrestricted direction of channel 421, suture 450
moves freely and candidate tissue 480 moves towards base
tissue 490. If candidate tissue 480 tries to pull away from base
tissue 490, causing suture 4350 to move 1n the direction of
arrow 4352, channel 421 restricts and prevents motion 1n this
direction (1.e., indicated by arrow 452). This enables the doc-
tor to locate candidate tissue 480 at a desired position and set
the tension 1n suture 450 to a desired tension. When the doctor
has positioned candidate tissue 480 at a desired location, the
doctor can cut off any excess suture.

Additionally, instead of cutting off excess suture, the doc-
tor can 1nsert and use a series of anchors 401. The doctor
passes suture 450 through subsequent anchors 401 after
implantation of the first anchor and desired tensioming of the
suture through the first anchor as described above. The doctor
can tension/secure suture 450 as anchor placement progresses
such that between any two anchors, the doctor sets the appro-
priate tension to elfectively hold the tissue 1n place. See for
example the descriptions associated with FIGS. 1 and 6
above.

Manufacture of anchor 401 can be done using a number of
processes ncluding machiming and molding from biocom-
patible metal(s) and/or non-absorbable or absorbable poly-
mer(s). Manufacture of the suture could be done using a
number of processes and materials but the suture would pret-
erentially be a braided fiber construction of non-absorbable or
absorbable polymer(s).

A number of embodiments of the invention have been
described. Nevertheless, 1t will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. For example, a doctor can perform
the steps described above for FIGS. 10 and 11 in a different
order. Also, although the procedure of FIGS. 10 and 11 1s
referred to as a knotless procedure, a knot can be employed to
create loop 474 (e.g., for sliding attachment 476). Also, a
doctor can guide anchor 401 to the repair site through a
cannula.
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In other examples, the suture can be fixed to a first anchor
and coupled to a second anchor configured to selectively
restrict movement of the suture, as described above. A bone
anchor can include only one or more than two cleats. The
suture can couple more than two bone anchors 1n a tissue
repair system. Any of a number of different geometries and/or
types of bone anchor mechanisms as described 1n, e.g., U.S.

Pat. Nos.: U.S. Pat. No. 35,224,946 to Hayhurst etal., U.S. Pat.
No. 5,236,455 to Hayhurst et al., and U.S. Pat. No. 5,100,417
to Cerier et al., the contents of all of which are incorporated
herein by reference in their entirety, can be modified to
include means according to the invention for selectively
restricting passage of suture. Winding posts, side posts, holes,
and openings can be replaced by any of a number of different
structures that contact the suture and retain 1t 1n the bone
anchor, including eyelets, bosses, etc. Edges can be formed
by ridges protruding from the side walls.
Accordingly, these alternatives and others not described
are within the scope of the following claims.
What 1s claimed 1s:
1. A surgical method comprising:
attaching a flexible member to candidate tissue using a
loop:;
inserting the flexible member nto a flexible member
anchor;
attaching the flexible member anchor to bone;
pulling the flexible member through the flexible member
anchor to locate the candidate tissue at a desired position
relative to the bone; and
maintaiming the desired position using a unidirectional
mechanism of the flexible member anchor, the flexible
member anchor including an anchor body having an
outwardly extending, bone engaging formation config-
ured to retain the anchor body within the bone, the
anchor body defiming a path for passage of the tlexible
member through the anchor body, the anchor body
including a restrictor located along a side of the tlexible
member anchor, the restrictor defining an opening hav-
ing a first portion for permitting passage of the tlexible
member therethrough and a second portion for restrict-
ing passage of the tlexible member therethrough, the
second portion including first and second surfaces
between which the flexible member 1s recervable, the
first and the second surfaces for restricting passage of the
flexible member therethrough by compressing the flex-
ible member between the first and the second surfaces,
the restrictor being configured such that movement of the
flexible member from the first portion to the second
portion to restrict passage of the flexible member
through the restrictor 1s not along the path the flexible
member takes to pass through the first portion.
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2. The surgical method of claim 1 wherein 1nserting 1s
performed subsequent to attaching the flexible member
anchor to bone.

3. The surgical method of claim 1 wherein attaching the
flexible member to the candidate tissue further comprises:

generating a hole in the candidate tissue;
passing a portion of the flexible member through the hole to
position the loop on one side of the hole and a second end
of the flexible member on an opposite end of the hole;

and passing the second end of the flexible member through
the loop.

4. The surgical method of claim 3 wherein passing the
second end of the flexible member through the loop 1s per-
formed external to a patient’s body.

5. The surgical method of claim 3 wherein passing a por-
tion of the flexible member through the hole and passing the
second end of the tlexible member through the loop are per-
formed subsequent to mserting the flexible member into the
flexible member anchor.

6. The surgical method of claim 5 wherein passing the
second end of the flexible member through the loop further
comprises passing the second end of the flexible member
including the flexible member anchor through the loop.

7. The surgical method of claim 5 wherein generating a
hole further comprises puncturing the candidate tissue using
the flexible member anchor.

8. The surgical method of claim 1 further comprising form-
ing a loop at an end of the flexible member.

9. The surgical method of claim 1 wherein the flexible
member comprises suture.

10. The surgical method of claim 1 wherein the flexible
member comprises a preformed loop.

11. The surgical method of claim 1 wherein the restrictor
comprises the unidirectional mechamism, the unidirectional
mechanism configured to allow movement of the flexible
member 1n a {irst direction when an end region of the flexible
member 1s pulled and to restrict movement of the flexible
member 1n a second direction when an opposite end region of
the flexible member 1s pulled.

12. The surgical method of claim 1 wherein the restrictor
includes a V-shaped cross section, the wide portion of the
V-shape including the first portion and being located closest
to an outer surface of the anchor body, the narrow portion of
the V-shape including the second portion and being closest to
an inner portion of the anchor body.

13. The surgical method of claim 1 wherein movement of
the flexible member from the first portion to the second por-
tion occurs along a path perpendicular to the path the flexible
member takes to pass through the first portion.
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